Introduction
Gastric cancer is the one of most prevalent common malignant tumors and the common cause of cancer related death in East Asia. Gastric cancer is associated with a short time to recurrence and a short survival period after recurrence. In China, age-standardized 5-year relative survival for gastric cancer was only 27.4 % (Zeng et al., 2014) . Although advances in diagnostic and treatment technologies have offered long-term survival results for early gastric cancer, but the prognosis for advanced GC still remains poor. Advanced gastric cancer patients prone to progress to peritoneal carcinomatosis and the prognosis for gastric carcinoma patients with peritoneal dissemination are poor. The biomarker and mechanism causing peritoneal dissemination of gastric cancer cells is still poorly understood.
Fatty acid synthase (FASN) is thought to be a key biosynthetic enzymes in lipogenesis, is regulated by hormones, growth factors and diet. And recent data indicate that it is expressed in several tumor cells. FASN is expressed at low levels in most normal tissues. By contrast, in cancer tissues, the fatty acid supply is highly dependent on de novo biosynthesis via FASN. FASN function and its contribution to gastric cancer development remains poorly understood. It is thought to be a tumor oncogene and promote tumor growth in breast and nasopharyngeal carcinoma (Esslimani-Sahla et al., 2007; Kao et al., 2013; Li et al., 2014) . Indeed, several studies have shown that FASN is overexpressed in many cancers (Bandyopadhyay et al., 2005; Ishimura et al., 2011; Uddin et al., 2011; Liu et al., 2012; Kao et al., 2013; Wu et al., 2013) . Furthermore, several studies have shown that high FASN expression is associated with advanced clinical stage and poor survival of gastric cancer (Hou et al., 2012) . However, researches between FASN and peritoneal dissemination of gastric cancer were relatively infrequent, so the present work was aimed to investigate the relationship between FASN expression and peritoneal dissemination in human gastric cancer.
On the basis of these reports, the aim of the current study was to examine the clinical significance of FASN expression in gastric cancer, and to explore the prognosis and correlation of FASN and peritoneal dissemination of gastric cancer. We examined FASN expression in gastric carcinoma and paired adjacent normal tissue samples collected from 60 Chinese patients. We analyzed the associations between FASN expression and clini¬copathological characteristics, such as age, gender, histological grade. We also compared the correlation of expression level of FASN and PTEN in gastric cancer patients. A better understanding of FASN might open a new avenue for targeted therapeutic strategies against peritoneal dissemination of gastric cancer.
Materials and Methods

Patient population
Primary tumor samples from 60 patients with histologically confirmed gastric cancer (untreated and with no previous neoadjuvant therapy) who underwent laparotomy for gastrectomy were investigated from the Xinhua Hospital affiliated to Shanghai Jiaotong University School of Medicine. Peritoneal carcinomatosis in diffuse gastric cancer patients was histologically confirmed in 12 of the 60 patients. Formalin-fix, paraffin-embedded tumor tissue blocks were collected. The pathologic reports were reviewed, and the tumor-node-metastasis (TNM) stages were assigned according to the American Joint Committee on Cancer staging system. Ethical approval for this study was granted by the ethics committee of Xinhua hospital and informed consents were obtained.
Immunohistochemical staining
FASN expression was analyzed using human gastric cancer and normal tissue. Standard immunohistochemical procedures were carried out according to the manufacturer's protocol (Vector Laboratories, USA). Anti-FASN and anti-PTEN monoclonal antibody (Abcam, USA) was used as a primary antibody. Similar tissue sections were immunostained with normal IgG were used as negative controls. The specimens were examined and scored using a two-headed microscope. Staining intensity and the proportion of stained cells were semi-quantitatively determined. The intensity and percentage of positive cell scores were multiplied. All slides were scored by two observers and there are good concordances between two observers. Mean score for duplicate cores from each individual was calculated.
Quantitative RT-PCR
Human gastric cancer tissues and adjacent normal tissues samples were collected in freezing tubes and were cryopreserved. Total RNA was isolated using Trizol after thawing the samples at room temperature, followed by purification using the RNeasy Mini kit (Qiagen, CA, USA) according to the Manufacturer's instructions. The purity and concentration of total RNA were determined by a NanoDrop ND-1000 spectrophotometer. Quantitative real-time PCR (qRT-PCR) analysis was carried out to detect the expression of FASN. Total RNA was reversetranscribed with Taqman (TakaRa PrimeScript™ RT Reagent Kit, Japan). Each reaction had a total volume of 20 μl, with reagents from the TaKaRa Ex Taq ® kit. Data from the array were normalized to GAPDH.
Statistical analysis
GraphPad Prism version 5.0 for Windows (GraphPad Software, USA) was used for statistics anaylsis. The statistical significance of differences between the various tissues specimens were performed by the χ 2 test. Correlation between variables was evaluated by Spearman's rank correlation coefficients. Survival analysis was carried out using the Kaplan-Meier method and logrank test. Differences were considered to be statistically significant at P<0.05.
Results
Elevated FASN expression in human gastric cancer tissues
The FASN expression in 60 tissue specimens obtained from patients with gastric cancer was assessed by immunohistochemical staining. Positive FASN immunohistochemical staining was predominantly observed in member and cytoplasm of gastric cancer cells (Figure 1a ), while weak staining was found in normal gastric tissues. 54 out of 60 specimens (90%) of gastric cancer tissues showed positive FASN staining. IHC results demonstrated that higher FASN expression was found in tumor tissues than that in adjacent normal tissues. In this study, FASN expression in 15 fresh tumor specimens from gastric cancer patients was also assessed with the RT-PCR assay. In clinical gastric tissues, FASN mRNA expression was confirmed in most of tumor specimens and higher FASN mRNA expression was found in tumor tissues than that in adjacent normal tissues (P<0.01) (Figure 1b) .
Correlation between FASN expression and patient's clinicopathological features
To further investigate the clinical relevance of FASN protein levels in the gastric cancer, the correlation between FASN expression and patients' clinicopathologic parameters were analyzed. Our data demonstrated that FASN expression in human gastric cancer tissues was significantly correlated with patient's TNM stage (P<0.05) (Figure 2a ), whereas it is not correlated with patient's age, gender, tumor sizes. It is worth mentioning that higher levels of FASN expression were significantly associated with depth of lymphatic metastasis. There was a trend :http://dx.doi.org/10.7314/APJCP.2015.16.16 
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toward a positive correlation between FASN expression and metastasis. Thus, our data supported that FASN was involved in the progression of human gastric cancer.
Higher FASN expression associated with Peritoneal Implanting Metastases and poor prognosis in human gastric cancer
Elevated FASN was associated with gastric cancer progression, which reminded me to explore the association of FASN and peritoneal dissemination. 12 of the 60 patients in our cohort were confirmed to peritoneal metastasis, and higher FASN expression was found in peritoneal dissemination patients than that those without peritoneal dissemination (Table 1 ) (Figure 2b) . FASN might play a crucial role in the establishment of peritoneal dissemination. We then evaluated the association between FASN expression and survival following gastrectomy in gastric cancer patients. Logistic regression analysis revealed that elevated FASN expression was an independent risk factor for survival (Figure 3 ). The survival rates were significantly lower in patients with high FASN expression than in those with low FASN expression (P<0.05) ( Table 2 ). Our studies support the utility of FASN as prognostic biomarkers for peritoneal dissemination and prognosis biomarker in gastric cancer patients undergoing gastrectomy.
FASN expression negatively correlated with PTEN expression in gastric cancer
To investigate the potential mechanism of FASN on gastric cancer progression, we investigated the relationship between FASN expression and Phosphatase and tensin homolog (PTEN). PTEN is a tumor suppressor involved in multiple cell processes (Chen et al., 2014; Xu et al., 2014) . The loss or reduced expression of PTEN potentially correlate with advanced stages of gastric carcinoma (Zhu et al., 2013) , and PTEN has been identification of peritoneal metastasis-related genes of gastric adenocarcinoma (Bai et al., 2012) . PTEN expression was identified in our gastric cancer tissues (Figure 4a) , and the results showed that PTEN expression was significantly lower in gastric cancer patients with high FASN expression than those in patients with low FASN expression (Table 1) . Logistic regression analysis revealed that decreased PTEN expression was an independent risk factor for survival (Table 2) 
Discussion
In the present study, FASN expression was examined in patients with gastric cancer. As aforementioned, we demonstrated that higher FASN expression was positively correlated with advanced TNM stage and poor patient outcome, implicating its role in gastric cancer progression. Moreover, high FASN expression in gastric cancer tissues correlates with peritoneal metastasis, which demonstrated FASN might play a crucial role in the establishment of peritoneal dissemination. FASN expression was inversely correlated with the expression of PTEN, and both account for the progression and peritoneal dissemination of gastric cancer. We believe that, with further investigation, FASN could become a clinical prognostic marker and a target for therapeutic treatment of human gastric cancer.
During malignant transformation, de novo lipogenesis account for the fatty acids in malignant cells due to increased endogenous lipid biosynthesis (Furuta et al., 2010) . FASN, the main enzyme involved in fatty acids synthesis, have been demonstrated to be upregulated in different tumors, which may contribute to tumor immune evasion (Zaytseva et al., 2012; Zaytseva et al., 2014) . Accumulated evidences has been shown that increased FASN expression is involved in shaping the tumor microenvironment, and aberrant FASN expression is associated with various clinicopathological features in many human malignancies (Vazquez-Martin et al., 2008; Migita et al., 2009; Vazquez-Martin et al., 2009; Flavin et al., 2010; Rahman et al., 2012) . FASN significantly correlated with depth of tumor invasion, lymph node metastasis, and overall stage in gastric cancer. FASN expression was significantly higher in invasive breast cancer cells and increased FASN expression was associated with negative progesterone receptor status in breast cancer patients. Furthermore, the measurement of FASN expression is expected to become a useful tool for the prediction of radiation therapeutic response and prognosis in nasopharyngeal cancer patients (Kao et al., 2013) . In prostate cancer, FASN act as a prostate cancer oncogene and exerts its oncogenic effect by inhibiting the intrinsic pathway of apoptosis (Migita et al., 2009) . In the present study, primary gastric tumor cells displayed various degrees of FASN expression, and its expression was observed in 90% patients with gastric cancer. These results indicate that the majority of patients with gastric cancer express FASN and that it may be a useful diagnostic marker for patients with gastric cancer.
In this study, we showed that FASN expression in human gastric cancer tissues was significantly correlated with patient's TNM stage and extragastrical extension. Moreover, gastric cancer patients with high FASN expression tended to display the presence of peritoneal metastasis compared with those with low FASN expression. Our findings indicated a close relationship between FASN expression and tumor progression in gastric cancer. Furthermore, patients with high FASN expression had a poorer prognosis compared with those with low FASN expression in human gastric cancer. Our studies support the utility of FASN as prognostic biomarkers in gastric cancer patients undergoing gastrectomy. To date, the functional role of FASN expression in gastric cancer cells remains unclear and the mechanisms for FASN-mediated cancer cell malignance are not clear yet. It has been shown that the activation of the FASN signaling pathway may lead to tumor cells epithelial-mesenchymal transition (Li et al., 2014) . Several evidences have demonstrated that the FASN promotes cancer metastasis via CD44-mediated the activation of MET, Akt and FAK, which are known to regulate adhesion, migration, and invasion (Zaytseva et al., 2012) . In this study, our data demonstrated that loss of PTEN correlated with increased FASN in gastric cancer. Decreased PTEN expression has been shown to be correlated with the progressive outcome of solid cancers, including breast and colorectal cancer (Yoshimoto et al., 2007; Molinari and Frattini, 2013) . PTEN has been also shown to be a tumor suppressor of gastric cancer, which involved the tumor growth and metastasis of gastric cancer (Zhu et al., 2013; Xu et al., 2014) . Combining with our results, the relationship of FASN and PTEN maybe account for the progression and peritoneal dissemination of gastric cancer. It is clear that further investigations are necessary to fully understand the mechanistic and functional role of FASN, and larger patient populations are need to determine whether FASN expression has a role in predicting patient outcome in gastric cancer.
In conclusions, our results demonstrate that FASN is involved in gastric cancer progression and peritoneal metastasis and could be a useful prognostic indicator for human gastric cancer. Future studies on the biological behavior of gastric cancer cells expressing FASN may lead to a new therapy blocking its signaling pathway in gastric cancer patients with peritoneal dissemination. 
